Purification of the precipitates obtained from the juice oil of Citrus hassaku by chromatography afforded 7-geranyloxycoumarin (aurapten) and two compounds (mp 43~45°C and 122~124°C), whose structures were determined to be epoxyaurapten and marmin on the basis of spectral evidence. These compounds were isolated from Citrus hassaku for the first time. The spasmolytic activity was tested of aurapten, epoxyaurapten, marmin and their related compounds, which were synthesized from aurapten and marmin, on the small intestine removedfrom a male guinea pig. Epoxyaurapten exhibited the highest activity among them against the small intestine's contraction induced by BaCl2.
In the course of our investigation on the use of factory waste produced by the food industry, the authors previously reported the isolation of 7-geranyloxycoumarin (aurapten, 1) from the precipitate produced in juice oil of Citrus hassaku.1 ] Somederivatives of 7-geranyloxycoumarin showed antimicrobial activity.
In this paper, we describe the identification of epoxyaurapten (2) and marmin (3a) from the same fruits, and the spasmolytic activity of 7-geranyloxycoumarin-related compounds.
The precipitate from Citrus hassaku juice oil was subjected to column chromatography on silica gel and successively eluted with a solvent system of 100% benzene, benzene-acetone (98 : 2, v/v), benzene-acetone (95 : 5, v/v) and methanol to afford the essential oils, compound 1, compound 2 and compound 3, respectively. Compound1 had been previously identified as 7-geranyloxycoumarin (aurapten, 1).1} The molecular formula of compound 2 was given as C19H22O4, which contains one more oxygen atom than that of 1. An absorption band at 1730cm"1 in the IR spectrum of 2 was attributed to an ester or a lactone, a band at 1610cm"1 to an aromatic ring, and bands at 1275cm"1 and 1230cm"1 to an ester or an ether group. These data and 13C-NMR spectral data suggested the structure of compound 2 to be analogous to that of aurapten
(1, Table  I ). Signals of olefmic carbons at <5C 123.81 and 132.06 in the 13C-NMR spectrum of 1 were shifted up field to <5C 63.91 and 58.43 in that of2. This fact revealed the epoxy group on the C-6',7' double bond of 1. Also from the ]H-NMRspectrum, the presence of epoxide proton coupling with methylene protons at C-5' was assured at (5H2.72 (1H), with a coupling constant of J=6.0 Hz. The chemical shift and multiplicity of the remaining carbons in the 13C-NMR spectra together with other spectroscopic data for both compounds(1 and 2) were almost identical. These data established the structure of compound 2 to be 7-(6 /,7 /-epoxygeranyloxy)coumarin, whose spectral data are exactly identical with those of (+)-epoxyaurapten.2) Therefore the stereochemistry at C-6' of epoxyaurapten was confirmed to be of (^-configuration.
3) The IR spectrum of another compound (3a, Therefore, the hydroxyl group on C-6' should have been acetylated. On the other hand, acetylation of the tertiary hydroxyl group on C-7' was prevented by steric hindrance due to the terminal dimethyl groups. Other points of the spectral data of 3a were very similar to those-of1 and 2 as shown in Table I . All of the data for 3a suggest that the structure of compound 3a was 7-(6/,7'-dihydroxygeranyloxy)coumarin, in agreement with those of (+)-marmin4)
with an (/^-configuration on C-6.3'4) with the disappearance of the allylmethyl group on C-7' at (5H1.78 (3H) and the olefinic proton on C-6' at <5H6.43 (1H) in that of4. The MS of the dihydrocompound showed the molecular ion peak at m\z 314, indicative of the molecular formula C19H22O4, accompanied by a base peak at m/z 162 from the 7-hydroxycoumarin moiety and a fragment of m/z 153 from the substituent moiety. In accordance with the methods of Corey7} and Gilman, 8) an amide (7) was synthesized from 4
by oxidation of the a,/?-unsaturated aldehyde with manganese dioxide in the presence of sodium cyanide and ammonia. It is characteristic that E-Z (trans-cis) isomerization was not observed in this reaction. The presumed mechanism for this reaction involved the formation of cyanohydrin from the aldehyde, followed by oxidation to the acylcyanide by manganese dioxide. The cyanide group was displaced with ammonia to yield the amide 7.7'8) The IR spectrum newly showed the absorbances of N-H and an amide carbonyl group at 3440 and 1675cm"1, respectively. In the^-NMR spectrum, a broad singlet due to amide protons was observed at <5H5.6 (2H) with disappearance of the formyl proton at <5H9.4 (1H) in that of4. The MS of this amide showed the molecular ion peak at m\z 327, indicative of the molecular formula Spasmolytic Activity. (7) is supported by these data. Spasmolytic activity was measuredof nine coumarins (1~8) on small intestine removed from a male guinia pig. As illustrated in Fig. 2 , the longitudinal muscle contraction was monitored isotonically on a recorder by means of a force displacement transducer. The muscle contraction of the small intestine segment is Table II. recorded in Fig. 3 . The arrows point to the moment at which a BaCl2 solution (3x 10~4mol/liter) as a spasmogen was added into a Magnus tube kept at 37°C. BaCl2 was regarded to act directly against the muscle.
The first two patterns (A and B in Fig. 3) show the stationary state of the muscle, and the third pattern (C in Fig. 3 ) represents the spasmolytic activity of a sample when a test solution (5x10~5mol/liter) was applied into the Magnus tube. The fourth pattern (D in Fig. 3) assures that the muscle recovered after a sample was thoroughly washed away from the muscle with Tyrode solution. The spasmolytic activity of nine coumarins (1~8) is listed in did not show such high activity (32%) in our experiment. Among the others, epoxyaurapten (2) reveals the highest spasmolytic activity (96%) in this concentration (Fig. 3b) . Although auraptenal (4) was rather effective (69%), the activities of dihydroauraptenal (6) and auraptenamide (7) were not as strong (19 and 37%, respectively). On the other hand, the aldehyde (8), having a shorter chain length than the others, showed no activity. It seems that the chain length'of the substituent group might be important to the activity. Auraptenol (5) Marmin (3a). The fraction eluted with methanol was rechromatographed on a Sephadex LH-20column using methanol as an eluent to give marmin (3a, 4.4%), which was recrystallized from methanol, mp 122~124°C UV /imax (EtOH) nm (log e): 245, 255, 326 (4.0). IR vmax (Nujol) Marmin monoacetate (3b). To a solution of 86mg of marmin in pyridine (1.5 ml), acetic anhydride (1.5 ml) was added at room temperature, and the mixture was allowed to stand overnight. The reaction mixture was poured into cold 1 N-HC1 (50 ml), followed by extraction with CH2C12. The organic layer was washed with cold brine and dried over anhydrous MgSO4. Evaporation of the solvent in vacuo yielded marmin monoacetate (3b, 91 mg) as an oil. UV Amax (EtOH)nm (log s): 204 (4.2), 242, 252, 322 (3.8) . IR^max (Film) cm"1: 3460, 3060, 2960 , 1725 , 1610 , 1275 , 1230 , 1130 , 1000 
